A biochemical scheme for the species identification of endocervical lactobacilli was developed and evaluated with 10 isolates obtained from the American Type Culture Collection (ATCC) were not previously expected to be recovered. A "best-fit" method was used to determine the most likely identification of the remaining 18 isolates. In a few instances, the use of a third stage was necessary to reach an identification. The final identification scheme, although complicated in appearance, generated a species identification with a total of 12 tests with a range of 7 to 10 tests per isolate.
A biochemical scheme for the species identification of endocervical lactobacilli was developed and evaluated with were not previously expected to be recovered. A "best-fit" method was used to determine the most likely identification of the remaining 18 isolates. In a few instances, the use of a third stage was necessary to reach an identification. The final identification scheme, although complicated in appearance, generated a species identification with a total of 12 tests with a range of 7 to 10 tests per isolate.
Lactobacilli are ubiquitous microorganisms inhabiting numerous ecological niches. There are many reports in the literature on the identification of lactobacilli from a variety of sources. Briggs (2) , in 1953, was the first to attempt to standardize the classification of lactobacilli by physiological tests. Serology, colonial morphology, nutritional requirements, and cultural, cellular, and macromolecular characteristics have also been utilized in attempts to develop an identification scheme (4, 6, 7, 10, 11, 13, 14, 16, 17) . However, to date, there is no widely accepted scheme for the identification of species within the genus Lactobacillus. There are several reasons for the lack of a simple, broadly applicable identification scheme: (i) the particular species present vary widely from niche to niche; (ii) lactobacilli are usually considered to be nonpathogenic; (iii) the lactobacilli are relatively fastidious organisms.
The results of a previous study indicated that endocervical lactobacilli may play a role in resistance of females to gonorrhea (15) . We wished to pursue these studies further to determine whether any particular species were more important than others in this natural defense mechanism. However, there was no simple identification scheme in the published literature. Therefore, the present study was designed to develop and evaluate a simple but reliable identification scheme for the lactobacilli inhabiting the female genital tract. MATERIALS Endocervical cultures. Endocervical specimens were obtained with a sterile calcium alginate swab (Calgiswab, Inolex Corp.). The swab was immediately placed in 1 ml of eugonic broth (Difco Laboratories) and blended in a Vortex mixer for 3 min. The surfaces of a dextrose starch agar (Difco) plate supplemented with 5% sheep blood (Colorado Serum Co.) and a lactobacillus selective agar (LBS, BBL Microbiology Systems) plate were inoculated with swabs dipped into the eugonic broth. The plates were streaked for isolation in the four-quadrant fashion and incubated in a candle jar for 48 h at 37°C. Thus, only aerobic and facultatively anaerobic lactobacilli were examined.
Identification of lactobacilli. Tests for the fermentation of glucose, lactose, mannitol, galactose, cellobiose, salicin, sorbitol, and xylose were performed in LBS broth base (14) . The carbohydrates were added to the LBS broth base in a final concentration of 2%. For all except glucose, sterile solutions of the carbohydrates were added to the broth base after autoclaving. The final volume of these media was 3 ml. Glucose was added to the base before autoclaving, and the media were dispensed in 8-ml aliquots. A Durham tube was inverted into each glucose-containing medium, and the medium was then sterilized. All tubes in which the Durham tubes contained bubbles after sterilizing were discarded. The final pH was 5.9.
The medium for amygdalin utilization consisted of 1.5% neopeptone, 0.1% Tween 80, 0.6% yeast extract, 0.15% agar, and 0.4% chlorophenol red (19) . Amygdalin was added to the sterile medium in a final concentration of 0.2%. The final pH was 7.0 to 7.2.
The inoculum was prepared by suspending the growth (after single-colony cloning) from a 2-day eugonic agar or blood agar plate in 9 ml of saline. The saline was centrifuged to obtain a pellet. The supernatant was discarded, and the pellet was resuspended in the small amount (ca. 0.2 ml) of saline remaining in the tube. Each tube was inoculated with one or two drops of this heavy cell suspension (ca. 109 colony-forming units/ml). After inoculation of the glucose medium, 1 ml of melted sterile paraffin was layered over the top of the medium. Inoculated tubes were incubated for 14 days in 10%o CO2 in air at 37°C and were examined on days 1, 2, 4, 7, and 14 The ability of a strain to grow at 45°C was tested in 5 ml of Eugon broth. Inoculated tubes were incubated in a candle jar at 45°C until growth was apparent. The positive tubes were then subcultured to ensure that no contamination had occurred. All negative tubes were held for 7 days before being discarded.
RESULTS
A scheme was developed for the identification of species of lactobacilli reportedly isolated from humans (9) . It was designed to identify these species with a minimum number of biochemical tests.
Stage I. Stage I was developed from those characteristics of lactobacilli commonly recovered from human sources and listed in Bergey's Manual of Determinative Bacteriology (9) . A minimum of six tests appeared to be sufficient to yield an identification of most species. These were (i) acid from glucose, (ii) gas from glucose, (iii) acid from amygdalin, (iv) acid from lactose, (v) acid from mannitol, and (vi) acid from galactose. Each positive test was assigned a numerical value (Table 1) . Each negative test was assigned a value of zero. The sums of the values of the first three tests and the second three tests were determined, and these sums provided a two-digit numeral. The two-digit stage I value was used to provide an initial identification ( Table 2) .
The validity of this scheme was determined by testing 10 When the control strains were used to assess the validity of the stage II tests, all strains produced the expected results in over 80% of replicate runs of each test, with one exception. L. brevis fermented cellobiose in three of four tests. L. brevis and L. cellobiosus differed in their ability to ferment cellobiose and amygdalin. The only situation in which it would be necessary to differentiate between these two organisms in stage I is in the instance of a rare amygdalin-negative strain of L. cellobiosus. Therefore, the cellobiose test was left in the scheme with the assumption that the L. brevis control strain was a rare cellobiose-positive isolate.
Use of the scheme for the identification of endocervical lactobacilli. A total of 106 isolates of lactobacilli were obtained from endocervical cultures from 72 women. The species of Lactobacillus to which a strain belonged could be determined for 78 (74%) of the strains (Table 5 Table 3 that could generate the unexpected value observed by assuming only one of the six stage I tests was aberrant, and (iii) selecting additional species listed in Bergey's Manual ofDeterminative Bacteriology that could have generated the unexpected stage I value. These last species were not included in the scheme originally as there was no indication that they had ever been recovered from the human genital tract. After the most likely species had been determined (from i to iii), stage II tests were devised to differentiate among them. The isolate was finally identified by using a "best-fit" analysis, i.e., for each species on the list, the number of aberrant test results was determined, and the species with the fewest aberrant tests was selected. With this system, the most likely species for the 10 isolates were determined (Table 6) .
A similar method of "best-fit" analysis was employed to determine the identification of the remaining 18 isolates that gave unexpected stage II results based on their stage I values. Criteria used in selecting the most likely species were: (i) an assumption that the stage I value was correct and the aberrant result was in stage II, (ii) an assumption that the stage II result was correct and the aberrant result was in stage I, and (iii) selection of additional species from Bergey's Manual ofDeterminative Bacteriology. In many cases, application of these three criteria generated only one species for which a single characteristic was aberrant (Table 7) . Thus, no further tests were performed as this species was the most likely. In other instances, additional tests (Stage III) were necessary to determine the identification from among several possible species.
Final identification scheme. By using results of tests with the 106 isolates, a final identification scheme was derived ( Table 8 ). The scheme generated in two or three stages either (i) a "final identification" if the strain possessed characteristics expected of a particular species (Table 4) , or (ii) a "most likely identification" if the strain possessed aberrant characteristics and a "best-fit" analysis was applied. This scheme, although complicated in appearance, required the use of only a total of 12 cilli in the vagina in 1892, most early investigations assumed that the lactobacilli recovered from the female genital tract were all members of one species, L. acidophilus. However, it has been shown subsequently that these organisms do not form a homogeneous group (12) . Thus, it was apparent that any study of the species of endocervical lactobacilli would require the use of a simple but reliable identification scheme. A search of the literature revealed that no such scheme exists (6, 9, 18) . Most identification schemes involved the use of a multitude of tests, some of which would require expensive equipment (9, 12, 14, (16) (17) (18) . Thus, an identification scheme was developed in this study that would allow maximum identification of lactobacilli with the use of a minimum number of biochemical tests.
With the identification scheme developed for this study, most isolates (74%) of lactobacilli recovered from the genital tract of women were readily identified. The remaining 26% were identified by using a best-fit analysis. With some species, there were several strains that varied from the expected reactions according to Ber consisted of salicin and xylose to distinguish among three possible species: (i) sorbitol-negative L. casei subsp. rhamnosus, (ii) L. cellobiosus producing no gas from glucose, or (iii) L. xylosus. Since all strains fermented salicin but not xylose, the best-fit analysis designated the strains as sorbitol-negative L. casei subsp. rhamnosus. This designation was also supported by the VPI identification scheme for the lactobacilli, which lists weak acid production from sorbitol for this species (18) . Thus, from this analysis, it appears that the scheme developed in this study permits a relatively reliable identification of lactobacilli recovered from the endocer- 11 were utilized in the present investigation. Thus, from these comparisons, it appears that the newly devised scheme provides a relatively reliable identification of endocervical lactobacilli.
To establish highly reliable identification schemes, phenotypes generated with biochemical tests must be considered in combination with genotypes determined in studies of DNA content and relatedness (1). London has recently reviewed the taxonomic status of the lactobacilli based upon these and other diverse characteristics (6) . However, the purpose of this study was not to establish a precise taxonomic description of the lactobacilli. Rather, it was to develop a practical approach to the identification of those species commonly recovered from the female genital tract. To this end, the scheme developed has the advantage over previous schemes of using fewer and relatively simple tests. The reliability of the identification generated by this scheme appears to be at least as good as more complex schemes (3, 12, 14, 18) .
